per sec. Purified virus suspensions were diluted 5-fold, and crude suspension was diluted 30-fold in PBS for ultraviolet (UV) exposure. Sample volumes of 2 to 2.5 ml in 60-mm petri dishes were exposed with magnetic stirring. Dose of UV is expressed In minutes of exposure.
Since the original observation by Luria (11) of multiplicity reactivation (MR) among the T-even group of bacterial viruses, and the subsequent theoretical development of the phenomenon by Luria and Dulbecco (12) , demonstrations of similar effects with animal viruses have been relatively few. Among the ribonucleic acid (RNA) viruses, those of poliomyelitis (5), influenza (2) , fowl plaque (17) , and Newcastle disease (6, 9) have been shown to exhibit MR. With the deoxyribonucleic acid (DNA) animal viruses, MR has been reported only for the poxvirus group (1, 8) . It is of interest that genetic recombination has so far been demonstrated with these same viruses. It is reasonable to assume, as postulated for the bacteriophages, that, with animal viruses, the same basic mechanisms are involved in these two phenomena.
The present report presents evidence for the occurrence of multiplicity reactivation with a double-stranded RNA virus after exposure to ultraviolet (UV) light.
MATERIALS AND MErHODS Cells. The FL human amnion cell line was maintained and used for virus assay and propagation as previously described (20) .
Viruses. Reoviruses type 1 (Lang), 2 (Erwin, States), and 3 (Willis) were used. Stock suspensions were pepared from FL human amnion cells harvested 66 to 96 hr after infection, and were frozen and thawed six times. For use in these experiments, strains Lang and States were partially purified by exposure to a-chymotrypsin and nucleases, extraction with Genetron, and dialysis against 0.01 M phosphate-buffered saline (PBS) . Strains Erwin and Willis were used as crude cell harvest and were clarified by centrifugation and treated with chymotrypsin for enhancement of infectivity (21) . All virus suspensions were stored at -20 C.
Infectivity tests. Two methods of virus assay were used: immunofluorescent-cell count (ICC; 20) and plaque assay. Titers were expressed as fluorescent cells per milliliter (FC/ml) or plaque-forming units per milliliter (PFU/ml).
Exposure to ultraviolet light. Source of radiation was a 15-w General Electric germicidal lamp emitting more than 95% of its radiation at 2.537 A wavelength. Energy flux, measured with a Latarjet dosimeter, at the surface of irradiated samples was 15 erg per mm' per sec. Purified virus suspensions were diluted 5-fold, and crude suspension was diluted 30-fold in PBS for ultraviolet (UV) exposure. Sample volumes of 2 to 2.5 ml in 60-mm petri dishes were exposed with magnetic stirring. Dose of UV is expressed In minutes of exposure.
RESULTS
Effect of UV irradiation on reovirus infectivity.
Irradiation of reovirus suspensions with UV for increasing periods of time, followed by ICC assay of residual infectivity, produced the results summarized in Fig. 1 and in Tables 1 and 2 a loss of infectivity for all three reovirus types which was essentially exponential with UV exposures of less than 6 min. This largest dose reduced survival to 10-to 10-3. Type 1 (Lang) was slightly but consistently more sensitive to inactivation than strains of types 2 or 3, but the overall resistance to UV inactivation of all three reovirus types was considerably greater than reported for a number of other RNA viruses (13) . With UV doses greater than 6 min, there was a decrease in the rate of inactivation. A precise estimate of residual infectivity was, however, complicated by effects suggestive of multiplicity reactivation. Tables 1 and 2 Table  2) .
One of the essential conditions for MR is that it occurs only where susceptible cells have adsorbed at least two particles, one or both of which are inactive in single infection. The data in Tables 1  and 2 can be examined from this point of view. ducing fully infectious progeny. Such a result was observed by Barry (2) , who found that progeny induced by MR among heavily irradiated influenza virus particles were completely noninfectious, although detectable by hemagglutination.
To clarify this point with reovirus MR, FL cover-slip cultures were inoculated with two 10-fold dilutions of unirradiated or UV-exposed suspensions of Lang, States, or Willis strains. Eighteen hours later, three cultures of each inoculum group were fixed and stained with fluorescent antibody to obtain a measure of the productive input. At the same time, parallel cultures in each group were harvested and assayed for infectivity. The capacity for multiplication of control or irradiated inocula was assessed by comparing the respective virus yield per fluorescent cell, an index obtained by dividing the total infectivity per cover slip culture by the number of fluorescent cells observed in parallel cultures. Results are summarized in Table 4 .
The virus yield per fluorescent cell 18 hr after inoculation was extremely high for all three reovirus types, whether infection had been initiated by unirradiated virus or by two or more UVdamaged particles under conditions where MR was observed. The cell-associated infectivity ranged from 104 to 4 X 104 infective units per cell. The apparently lower yield of type 3 virus is a reflection of FL cell insensitivity to this reovirus type, as previously mentioned. The overall result Effect ofphotodynamic and thermal inactivation on MR. The principal site of UV damage in DNA viral particles is generally considered to be the nucleic acid molecule through the formation of thymine dimers. Although precise definition of the UV lesion responsible for loss of biological activity in single-or double-stranded RNA remains to be made, there is little doubt that nucleic acid is damaged. The site of photodynamic inactivation in the presence of heterocyclic dyes is also considered to be nucleic acid, whereas thermal inactivation is presumed to act primarily through alteration of viral proteins. It was of interest to determine whether MR would be evident in reovirus suspensions inactivated by these means.
Suspensions of reoviruses in PBS were mixed with proflavine to yield a dye concentration of 1.5 mg/ml. Control and dye-virus mixtures were held in the dark at 4 C overnight. All suspensions were then diluted 10-fold with PBS and were exposed to two 15-w fluorescent lights at a distance of 10 cm for 6 min. Results of infectivity assays are shown in Table 5 .
Reoviruses types 1 hanced susceptibility to thermal inactivation after chymotrypsin treatment previously noted by Spendlove and Schaffer (21) .
Interaction between reovirus types after UV inactivation. The three reovirus types are distinguishable by both biological and immunological criteria, but much evidence also exists for a close relationship between types (14) . Many of the observed similarities in antigenicity, hemagglutination, reactivity to enzymes, or surface-active agents may be ascribed to capsid proteins rather than directly to the nucleic acid. Consequently, it was of interest to determine whether UV-damaged reovirus particles of different antigenic types were capable of interacting in MR.
Suspension of UV-exposed types 1 and 2 were diluted to a point above and below that at which MR had previously been shown, and each dilution was then mixed with an equal volume of diluent or of the second virus. Controls and mixtures were then assayed in FL cover slip cultures. In the absence of interaction, it was expected that the infected-cell count produced by a given mixed inoculum would be equivalent to the sum of the two separate controls.
Results are shown in Table 6 . In fluorescent-cell counts of the two separate control series, the lowest dilution showed MR, whereas the two higher dilutions gave numbers expected with a twofold dilution. Seven of the nine mixtures produced counts significantly greater than the sum of the constituent controls, the excess averaging slightly more than 100%. In other experiments of similar design, it was established that each of the three types was capable of interaction in MR with heterologous strains with an efficiency indistinguishable from that of homologous particles. In contrast, heat-inactivated particles could not be shown to participate in MR with UV-exposed particles. Identification of progeny from interaction of heterologous UV particles is under investigation. DIscussIoN Recognition of multiplicity reactivation with reovirus, as with other viruses, is dependent upon having a sufficient concentration of particles so that multiplicities greater than 1 can be attained in a significant number of indicator cells after appropriate inactivation. In certain systems, this requisite multiplicity has been achieved by particle clumping with MgCl2, a procedure used effectively with vaccinia virus (1) and Newcastle disease virus (9) . Particle clumping was not necessary for demonstration of reovirus MR, nor did particle aggregation contribute in any significant degree to the effects which were observed. Sonic treatment of purified suspensions used in these MR experiments neither altered the infectivity of controls nor reduced the degree of MR obtained, although infectivity of suspensions not treated with chymotrypsin was increased threeto eightfold after sonic treatment. Where residual infectivity is measured by plaque assay, the size of plaques limits the number of infective units which can be detected without introduction of overlap bias (10) , and thus restricts the range of quantitation within which MR may be recognized without excessive numbers of experimental cultures. These two factors, low particle multiplicity and limitations of assay systems, probably account for the fact that MR was not observed in the investigation of UV sensitivity of type 3 reovirus (13) In view of the number of variables which appear to be involved in reovirus MR and which remain to be investigated systematically, it has not seemed appropriate to undertake more than limited quantitative analysis of the results in the present report. Particle counts of the purified Lang and States suspensions were consistent with a particleinfectious unit ratio less than 10 and close to 1, comparable to the ratio of 2.5 reported for a type 1 reovirus by Wallis et al. (22) . Correlation of numbers of productive cells observed with the number expected to have adsorbed two or more UV-exposed particles indicates comparatively efficient interaction in MR with low UV doses. Furthermore, all three reovirus types interact with equivalent efficiency in UV-induced MR. A variety of mutants has been isolated which may give some insight into the basic mechanisms of reovirus MR. Demonstration of recombination under conditions of MR would clearly establish the genetic basis of the MR interaction, a result which may be anticipated in view of the observation of genetic recombination in NDV under similar conditions (9) .
The identity of the UV lesion in either singleor double-strand RNA molecules remains to be determined, and so do the mechanisms by which such lesions are repaired to yield functional genomes. Considerable progress has been achieved in identifying the formation of thymine dimers as the primary molecular lesion in DNA and in correlating their presence with loss of biological activity (3, 18) . Recognition of the reversibility of thymine dimerization by photoenzymatic processes (15, 16) and the existence of excision mechanisms (4, 19) has elucidated the processes by which UV-induced lesions are repaired in DNA molecules. Multiplicity reactivation by definition involves some type of repair. The fact that it can be demonstrated so clearly with reoviruses, unique among RNA animal viruses in their double-stranded character, should recommend them as a model system for similar investigations with RNA molecules.
